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Field of the Invention 

The present invention relates to biodegradable polymer 
compositions capable of being formed by heat and pressure 
into articles having good dimensional stability and 
physical properties. These compositions comprise one or 
more derivatives of starch, and a selected plasticizer. 

Background of the Invention 

It is known that natural starch which is found in vegetable 
products and which contains various amounts of different 
plasticizers can be treated at elevated temperatures to 
form a melt. It is also known that said starch under these 
conditions can be mixed with synthetic thermoplastic 
polymers to form a uniform melt which can be formed into 
various shaped articles. Such articles formed by different 
techniques such as injection molding, extrusion, co- 
extrusion, blow molding or foaming have found various 
applications. 

An important property of said articles is their capacity to 
be biodegraded. In humid air, however, these articles tend 
to absorb and/or adsorb water thereby increasing their 
moisture content which may lead to a diminution in their 
hitherto good physical properties. Alternatively, they 
may dry out under conditions of low humidity and thus 
become brittle. 

it is an object of the present invention at least to reduce 
the disadvantages mentioned above and to provide a 
biodegradable material with improved water resistance and 
.improved physical properties at high and low humidity 
levels. 
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Summary of the Invention 

According to the present invention, there is provided a 
composition comprising at least one starch derivative, and 
at least one compound having a molecular weight of less 
than about 3,000 and having at least one ester group. The 
compound may optionally further comprise at least one 
hydroxyl group. 

The starch derivative may be selected from the group 
consisting of starch esters and starch ethers, and the 
degree of substitution of said starch derivative may be up 
to about 1.5, and preferably is greater than about 0.8, 

The starch ester may be a mixed ester, i.e. having 
different kinds of ester groups attached to the same 
molecule, as are obtained for example by reaction of starch 
with a mixed acid anhydride or a mixture of different acid 
anhydrides . Such a mixed acid anhydride may be for example 
an acid anhydride made from acetic acid and propionic acid; 
a mixture of different acid anhydrides may be for example 
a mixture of acetic acid anhydride and propionic acid 
anhydride . 

The starch derivative preferably has an equilibrium 
moisture content of less than about 7% at 25°C and a 
relative humidity of about 50%. 

The compound may be, for example, a glycolmonoester ; a 
mono- or diester of glycerol; a mono-, di- or triester of 
erythritol; a polyester of pentaerythritol; a mono-, di- or 
triester of citric acid. 

The compound may have a molecular weight of between about 
100 and about 1,000 and may be present in the composition 



in an amount of from about 3% to about 60% by weight based 
on the weight of the composition. 

The starch derivative is surprisingly well plasticised by 
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the compound and the composition yields products with 
enhanced moisture resistance and which exhibit good 
physical properties under conditions of high or low 
relative humidity. 

5 

The composition may further comprise one or more compounds 
selected from the group of water-soluble and/or water - 
swellable polymers and one or more hydrophobic thermo- 
plastic polymer (s) which is/are substantially water - 
10 insoluble. 



The composition may still further comprise at least one 
member selected from the group consisting of extenders, 
fillers, lubricants, mold release agents, other 
15 plasticisers, stabilisers, colouring agents, flame 
retardants, boron- containing compounds and alkali and 
alkaline earth metal salts. 

The present invention further relates to compositions in 
20 the form of a melt, comprising a derivative of starch, and 
a compound having a molecular weight of less than about 
3,000 and at least one ester group and optionally further 
comprising at least one hydroxyl group. 

25 The present invention still further relates to shaped 
articles, including a granulate or pellet, made from said 
composition or melt. 

The melted compositions may be further processed into 
30 shaped articles by a process selected from the group 
consisting of: injection molding, compression molding, 
filming, blow molding, vacuum forming, thermof orming , 
extrusion, co-extrusion, foaming, and combinations thereof. 

35 The present invention still further relates to the use of 
a compound having a molecular weight of less than about 
3,000 and at least one ester group and optionally further 
comprising at least one hydroxyl group as a processing aid 
in the manufacture of a composition comprising at least one 
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derivative of a starch, and optionally one or more 
compounds selected from the group consisting of hydrophilic 
and/or hydrophobic polymers . 

5 The present invention still further relates to a method of 
preparation of said composition comprising: 

(i) drying or conditioning a composition comprising a 
derivative of a starch to a moisture content of less than 
about 5%, (ii) admixing to said composition before, during 
10 or after drying, at least one compound having a molecular 
weight of less than about 3,000 and at least one ester 
group and optionally further comprising at least one 
hydroxyl group and (iii) melting and plasticising the 
mixture until a uniform melt is obtained. 

15 

The present invention still further relates to a method of 
preparation of said composition, comprising: 

(i) melting and plasticising a composition comprising 
a derivative of starch, and at least one compound having a 

20 molecular weight of less than about 3,000 and at least one 
ester group and optionally further comprising at least one 
hydroxyl group, until a uniform melt is obtained and (ii) 
drying the mixture during or after melt formation and/or 
plastification to a moisture content of less than 5%, by 

25 weight of the total composition. 

The invention will be further apparent from the following 
description, in conjunction with the following examples and 
the appended claims. 

30 

Detailed Description of the Invention 

The present invention refers to "a "composition^ coitprising - , - 
at least one starch derivative, and a compound having a 
35 molecular weight of less than about 3,000 and at least one 
ester group and optionally further comprising at least one 
hydroxyl group. 



The starch derivative preferably is selected from the group 
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consisting of starch esters and starch ethers, wherein the 
degree of substitution of said starch derivative is up to 
about 1.5. 

The starch ester may be a mixed ester comprising at least 
two different types of alkylcarbonyl groups (i.e. of 
different lengths) in the same molecule and as such may be 
of the kind as obtained by reaction of starch with a mixed 
anhydride or with a mixture of different acid anhydrides. 

It is most preferred that such mixed starch esters comprise 
at least two members selected from the group consisting of 
acetate, propionate, butyrate, pentanoate, hexanoate, 
heptanoate and octanoate residues bound to a common starch 
molecule. 

Particularly preferred starch diesters comprise both 
acetate and propionate groups or both acetate and butyrate 
groups or both propionate and butyrate groups or both 
pentanoate and butyrate groups bound to a common starch 
molecule. 

In the case of starch diesters, the ratio of the types of 
ester groups comprised by the starch ester may vary 
greatly, but preferably is in the range of about 1:1 to 
about 1:20. 

Said derivative is made according to known methods from at 
least one member selected . from the group consisting of 
starches of vegetable origin, which starches may be derived 
from potatoes, rice, tapioca, corn, pea, rye, oats, wheat, 
maize and barley. 

It is preferred that the degree of substitution of said 
derivative is at least 0.&, more preferred that the degree 
of substitution is from about 0.8 to about 1.45, and most 
preferred that the said degree is from about 1.0 to about 



1.45. 



WO 93/20141 



6 



PCT/US93/02895 



The derivative may be a starch ester selected from the 
group consisting of acetates, propionates, butyrates and 
the starch esters of C5 to C12 fatty acids. It is 
preferred that the derivative is a starch acetate. It is 
5 more preferred that the starch acetate has a degree of 
substitution of from about 0.8 to about 1.45, and most 
preferred that the acetate has a degree of substitution of 
from about 1.0 to about 1.45. 

10 The derivative may, however, be a starch propionate, in 
which the degree of substitution is from about 0.8 to about 
1.45, and more preferably is from about 1.0 to about 1.45. 

The derivative may be an ether and may be selected from the 
15 group consisting of alkyl ethers, hydroxyalkyl ethers, 
hydroxyalkyl-alkylethers and mixtures thereof. 

It is preferred that said ether derivative is selected from 
the group consisting of methylether, ethylether, 

20 propylether, butylether, hydroxymethy le ther , 
hydroxyethylether, hydroxypropylether, 
hydroxyethylmethylether and hydroxypropylmethylether and 
derivatives thereof. 

25 In one embodiment of the composition, the starch derivative 
may have an amy lose content of up to about 95% by weight 
with respect to that of the starch. 

In a further embodiment, the amylose content is up to about 
30 85% by weight with respect to that of the starch. 

In a still further embodiment, the derivative has an 
amylose content of up to about ^75% -by weight with respect - 
to that of the starch. 

35 

In a still further embodiment, the derivative has an 
amylose content of up to about 65% by weight with respect 
to that of the starch. 
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In a still further embodiment, the derivative has an 
amylose content of up to about 45% by weight with respect 
to that of the starch, and in a still further embodiment, 
the amylose content is between about 30 and about 35% by 
5 weight with respect to that of the starch. 

The minimum amylose content of the starch preferably is 
between about 10 and about 15% by weight with respect to 
. that of the starch. 

10 

The starch derivative has an equilibrium moisture content 
of less than about 7% at 25°C and a relative humidity of 
about 50%. More preferably, the starch derivative has an 
equilibrium moisture content of less than about 5%, and 
15 most preferably, the derivative has an equilibrium 
moisture content of less than about 2%. 

It is preferred that the compound has a molecular weight of 
less than 2,000, and more preferred that the molecular 
20 weight is between about 100 and about 1,000. It is most 
preferred that the compound has a molecular weight of 
between about 200 and about 500. 

The preferred embodiments of the compound may be summarized 
25 by the formula: 

A { COOR) m (OOCR! ) n (I) 
wherein: A is a saturated or unsaturated aliphatic or 
alicyclic residue; n is an integer from zero to 8; m is an 
integer from zero to 6; whereby the sum of m + n is an 
30 integer from 1 to 6, and R and R^ are, independently of 
each other, a saturated or unsaturated aliphatic or 
alicyclic residue having from 1 to 20 carbon atoms. 

in one embodiment of compound (I) , A is a saturated 
35 aliphatic residue having 2 to 8 carbon atoms; m is an 
integer from zero to 4; n is 0, 1, 2 or 3; the sum of m + 
n is 2 to 4; and R, and R± are independent of each other 
and are alkyl residues having from 1-6 carbon atoms. 
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In a more preferred embodiment of compound (I) , . A is a 
saturated aliphatic residue having 2, 3, or 4 carbon atoms; 
m is an integer from zero to 4; n is 0, 1 or 2; the sum of 
m + n is 2 to 4; and R and R 1 are independent of each other 
5 are alkyl residues having 1, 2, 3 or 4 carbon atoms. 

The compound of formula (I) may be an ester derivative of 
at least one of the following members: 

i) OH-CH 2 " (C(COOH)H) g -GH 2 OH 

10 ii) H00C-CH 2 - ( C ( COOH) H) r - CH 2 " C00H 

iii) HOOOCH 2 - (C(COOH)OOCR 2 ) ) -CH 2 "COOH 

iv) H00C-CH 2 -CH( (COOH) (COOH)H) 

v) C(CH 2 COOH) 4 

vi) (HOCH 2 ) 3 C-0-C(CH 2 0H) 3 
15 vii) HO-CH 2 - (CHOH) q -CH 2 OH 

wherein: q and r are independently of each other 1, 2, 3 or 
4 and R 2 is methyl or propyl. 

The compound of formula (I) may be a methyl, ethyl, propyl, 
20 or butyl carboxylate ester of a member selected from the 
group consisting of: 

ii) HOOC-CH 2 - (C (COOH) H) r -CH 2 -COOH 

iii) HOOC-CH 2 - (C(COOH) (OOCR 2 ) ) -CH 2 -C00H 

iv) HOOC-CH 2 -CH ( (COOH) (COOH) H) 
25 where R 2 is methyl or propyl. 

In one embodiment of the compound (I) it is preferred that 
the carboxylate ester is a tri- ethyl or tri -butyl 
carboxylate ester of: 
30 HOOC-CH 2 - (C(COOH)OOCR 2 ) -CH 2 -COOH 

where R 2 is methyl or propyl, and it is most preferred that 
compound (I) is selected from the "group consisting of 
H 5 C 2 -OOC-CH 2 - (C(COOC 2 H 5 )OOCCH 3 ) - CH 2 - COOC 2 H 5 . 

35 and 

H 9 C 4 -OOC-CH 2 - (C(COOC 4 H 9 )OOCCH 3 ) - CH 2 - C00C 4 Hg . 

Such most preferred compounds of formula (I) are known, and 
are, for example, sold under the Tradename of Citroflex A- 2 
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plasticisers by Pfizer AG of Fluelas trasse 7 , Postfach 2, 
8048 Zuerich, Switzerland. 

Another embodiment of compound (I) takes the form of a 
5 mono, di or tri ester of: 
HO - CH 2 - CHOH - CH 2 0H ' 
viz the mono-, di-, or tri- acetate of glycerol. 

It is most particularly preferred that compound (I) is the 
10 tri -acetate of glycerol, viz: 

CH3COOCH2" (CH(OOCCH 3 ) ) -CH 2 OOCCH 3 
Compound (I) may also be a diacetate-monopropionate or 
dipropionate-monoacetate of glycerol or the diacetate or 
dipropionate of OH-CH 2 -C(COOH)H-CH 2 OH, or it may be 
15 selected from the trimethyl ester and tripropyl ester of: 
HOOC - CH 2 - CH ( COOH) COOH . 

In a further preferred embodiment of the composition of the 
present invention, the compound has the formula: 

20 

AtOHj^COORjyfOOCR!) z (II) 
wherein A is a saturated aliphatic residue having 2 to 8 
carbon atoms; x is one or two; y is an integer from zero 
to 4; z is an integer from zero to 4; the sum of y+ z is 2 
25 to 4; and R and R-^ are independent of each other and are 
alkyl residues having from 1-6 carbon atoms. 



In a more preferred embodiment of compound (II) , A is a 
saturated aliphatic residue having 2, 3, or 4 carbon atoms; 
30 x is one or two; y is an integer from zero to 4 ; z is an 
integer from zero to 4; the sum of y+ z is 2 to 4; and R 
and R 2 are independent of each other are alkyl residues 
having 1, 2, 3 or 4 carbon atoms. 

35 The compound of formula (II) may be an ester derivative of 
at least one of the following members: 

i) 0H-CH 2 - (CHOH) g -CH 2 OH 

ii) HOOC-CH 2 - (CHOH) r -CH 2 -COOH 

iii) HOOC-CH 2 - (C(COOH)OH) -CH 2 -COOH 



RNcnnrin- <wn 93201 41A1 I > 



WO 93/20141 PCT/US93/02895 

10 

iv) HOOO CH 2 - CH ( COOH) OH 

v) C(CH 2 OH) 4 

vi) (HOCH 2 ) 3C-O-C (CH 2 OH) 3 

wherein: q and r are independently of each, other 1, 2,. 3 or 
5 4. 

It is preferred that compound (II) is a methyl, ethyl, 
propyl or butyl carboxylate ester of a member selected from 
the group consisting ' of : 
10 ii) HOOOCH 2 - (CHOH) r "CH 2 -COOH 

iii) HOOC-CH 2 - (C( COOH) OH) -CH 2 -COOH 

iv) HOOC-CH 2 - CH (COOH) OH 

It is more preferred that the carboxylate ester is an ethyl 
15 or butyl ester, and it is most preferred that the compound 
is a tri-ethyl or tri -butyl carboxylate ester of: 
HOOC-CH 2 - (C (COOH) OH) -CH 2 "COOH. 

Accordingly, the most preferred compounds of formula (II) 
20 have the formulae: 

H 5 C 2 -OOC-CH 2 - (C(COOC 2 H 5 )OH) -CH 2 -COOC 2 H 5 

or 

H 9 c 4 " ooc ' csi 2 " * c * cooc 4 H 9 ) 0H > " CH2 " cooc 4 H g • 



25 Such most preferred compounds are known, and are, for 
example, sold under the Tradename of Citrof lex plasticisers 
by Pfizer AG of Fluelastrasse 7, Postfach 2, 8048 Zuerich, 
S wi tz erland . 



30 Other forms of compound (II) for use according to the 
present invention include the diacetate and dipropionate 
of: 

OH-CH 2 -CHOH-CH 2 OH, 

and the monoacetate- dimethyl ester and mono- acetate - 
35 dipropyl ester or mono- propionate -dipropyl ester of: 
HOOC-CH 2 -CH(COOH) OH. 

The compound, whether of formula (I) or (II) is present in 
the composition in an amount of from about 3% to about 60% 
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by weight based on the weight of the composition. It is 
more preferred that the concentration of compound in the 
composition is from about 5% to about .30%, and most 
preferred that the concentration of the compound in the 
5 composition is from about 8% to about 18% by weight based 
on the weight of the composition. 

The composition according to this invention may further 
comprise in an amount of up to 40%, and preferably up to 3 0 

10 % by weight of the total composition one or more compounds 
selected from the group of water-soluble and/or water - 
swellable polymers . This group includes a large number of 
known polymers such as water-soluble celluloses such as: 
alkylcelluloses, hydroxyalkylcelluloses and hydroxyalky- 

15 lalkylcelluloses, such as: methylcellulose, hydroxy- 
methylcellulose, hydroxyethylcellulose, hydroxypropyl - 
cellulose, hydroxyethylmethylcellulose, 
hydroxypropylmethylcellulose, hydroxybutylmethylcellulose, 
cellulose esters and hydroxyalkylcellulose esters such as: 

20 cellulose acetylphthalate (CAP), 
Hydroxypropylmethyl -cellulose (HPMCP) ; 

carboxyalkylcelluloses , carboxyalkyl - alkylcelluloses , 
c a r b ox y a 1 k y 1 c e 1 1 u 1 o s e esters such as: 
carboxymethylcellulose and their alkali -metal salts; 

25 water -soluble or water- swellable synthetic polymers such 
as: poly (acrylic acids) and their salts and essentially 
water soluble poly (acrylic acid) esters, poly (methacrylic 
acids) and their salts and essentially water-soluble 
poly (methacrylic acid) esters, essentially water soluble 

30 poly (vinyl acetates), poly (vinyl alcohols), poly (vinyl 
acetate phthalates) (PVAP) , poly (vinyl pyrrol i done ) , 
poly (crotonic acids); cationically modified acrylates and 
methacrylates possessing, for example, a tertiary or 
quaternary amino group, such as the diethylaminoethyl 

35 group, which may be quaternized if desired; and mixtures of 
such polymers. Preferred from the group of poly (vinyl - 
alcohols) are alkenol homopolymers and alkenol copolymers. 

The alkenol homopolymer is preferably a polyvinyl alcohol 
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which may be hydrolysed to an extent of from about 45 mol% 
and about 100 mol% and preferably from about 85 mol% to 
about 99.8 mol% and most preferably from about 96 mol% to 
about 99.8 mol%. For increased moisture resistance a 
5 degree of hydrolysis of about 97 mol% to about 99.8 mol% is 
preferred. The number average molecular weight ranges 
preferably from about 15,000 to about 250,000, and more 
preferably from about 50,000 to about 150,000. Most 
preferred is a molecular weight ranging from about 80,000 
10 to about 120,000. Likewise, for increased moisture 
resistance a. higher molecular weight, preferably of between 
about 100,000 and about 120,000 is preferred . 



One embodiment of the composition contains pre -treated 
15 polyvinyl alcohol in . the form of a melt, obtained 
previously by adding sufficient energy to polyvinyl alcohol 
to melt it and substantially eliminate crystallinity in the 
melt. It is particularly preferred that the such 
crystallinity is substantially completely eliminated. 

20 

Alkenol copolymers as mentioned above are preferably 
synthetic copolymers containing vinyl alcohol units as well 
as aliphatic units as are obtained by copolymerization of 
vinyl esters, preferably vinyl acetate with monomers 
25 preferably ethylene, propylene, isobutylene and/or styrene 
with subsequent complete or partial hydrolysis of the vinyl 
ester group. These copolymers have a sufficient hydroxyl 
group content that they remain at least water -swellable 
within the definition as given herein. 

30 

The present inventive composition may further comprise in 
an amount up to 60 %, preferably in an amount up to 35% and 
most preferably in an amount up to 25% by weight of the 
total composition, one or more hydrophobic thermoplastic 
35 polymer (s) which is/are substantially water -insoluble. 
Such a polymer is one that dissolves water at a rate of 
less than 25 grams per 100 grams of the dry polymer, and 
more preferably at a rate of less than 15 grams per 100 
grams of dry polymer when immersed in water at room 
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temperature . Examples of hydrophobic thermoplastic 

polymers are polyolef ines, such as polyethylene (PE) , 
polyisobutylenes , polypropylenes , vinylpolymers such as 
poly (vinyl chloride) (PVC) , poly (vinyl acetates) , 
5 polystyrenes; polyacrylonitriles (PAN) ; polyvinylcarbazoles 
(PVK) ; substantially water -insoluble poly (acrylic acid) 
esters or poly (methacrylic acid) esters; polyacetals (POM) ; 
polycondensates such as polyamides (PA) , thermoplastic 
polyes ters , polycarbonates , polyurethanes , poly ( alky lene 
10 terephthalates) ; polyarylethers ; thermoplastic polyimides; 
but also poly (hydroxybutyrate) (PHB) and high molar-mass, 
substantially water -insoluble poly (alkylene oxides) such as 
polymers of ethylene oxide and propylene oxide as well as 
their copolymers are included. 

15 

Further included are hydrophobic thermoplastic copolymers 
of the different kinds known such as ethylene/vinyl 
acetate -copolymers (EVA); ethylene/vinyl alcohol -copolymers 
(EVOH) ; ethylene/acrylic acid- copolymers (EAA) ; 
20 ethylene/ethyl acrylate- copolymers (EEA) ; ethylene /methyl 
acrylate- copolymers (EMA) ; ABS - copolymers; 
styrene/acrylonitrile- copolymers (SAN) ; and mixtures 
thereof . 

25 Preferred from these are those with a set processing 
temperature preferably within the range of 95°C to 210°C, 
preferably within the range of 95°C to 190°C. 

Also preferred are polymers containing polar groups such as 
30 hydroxyl, ether acid, ester or urethane groups. Such 
polymers include, for example, copolymers of ethylene, 
propylene or isobutylene such as ethylene/vinyl 
acetate -copolymers (EVA), ethylene/vinyl alcohol -copolymers 
(EVOH) , ethylene/acrylic acid- copolymers (EAA) , ethylene/ 
35 ethyl acrylate -copolymers (EEA) , ethylene/methacrylate- 
copolymers (EMA) , polyure thane- copolymers , styrene/ - 
acrylonitrile- copolymers (SAN) ; polyacetals (POM) and their 
mixtures as mentioned above. The synthetic polymer may 
contain the usual known processing additives. 
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The particularly preferred copolymers are ethylene /vinyl 
alcohol -copolymers having an ethylene content of about 10 
mol% to about 50 mol%. Said preferred copolymers may have 
about 15 mol% to about 48 mol%. ethylene and those polymers 
5 having an ethylene content of about 40 mol% to about 48 
mol% provide enhanced water resistance. 

The composition according to the present invention has a 
relatively low water content - preferably below 10%, more 

10 preferably below 5% and specifically below 2% by weight of 
the total composition. The moisture content of the 

composition is therefore reduced either before mixing the 
compound with the starch derivative or during the melt 
formation process. For example, it is possible to 

15 initiate melt formation of the composition in a vented 
extruder and to evaporate the moisture from the melt by 
vacuum just before the melt is extruded. 

The present invention also refers to a method of 
20 preparation of the compositions according to this invention 
comprising (i) drying or conditioning a composition 
compris ing a s tarch derivative to a moi s ture content of 
less than 5%, and preferably less than 2% by weight, (ii) 
admixing to said composition before, during or after 
25 drying, a compound having a molecular weight of less than 
about 3 , 000 and at least one ester group and optionally 
further comprising at least one hydroxyl group and (iii) 
melting and plasticising the mixture until a uniform melt 
is obtained. 

30 

Said melt may subsequently be extruded, cooled and cut to 
form granulates which may optionally be mixed with 
additives before further - process ing as explained herein 7 

35 A further method of preparation of a composition according 
to this invention comprises (i) melting and plasticising a 
composition comprising a starch derivative, and a compound 
having a molecular weight of less than about 3,000 and at 
least one ester group and optionally further comprising 
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least one hydroxyl. group, until a uniform melt is obtained 
and (ii) drying the mixture during or after melt formation 
and/or plastif ication to a moisture content of less than 
5%, and preferably less than 2% by weight of the total 
composition. 

The starch derivative may be mixed with the compound and 
optionally with further polymers and/or other additives as 
defined herein in any desired sequence. It is important, 
however, that the moisture content be reduced to the 
indicated values latest in the melt stage of the 
composition. Thus, for example, the derivatised starch may 
be dried and mixed with all the intended additives, 
including polymer/s to form the composition, which may then 
be heated to form a uniform melt. 

It is also possible to mix all the components and dry the 
mixture before melt formation is initiated or, as a further 
possibility, to dry the composition during melt formation 
or after the melt has been formed using a vented extruder. 

Preferably, however, the derivative is mixed with the 
compound and other desired additives to form a free flowing 
powder, which is useful for continuous processing. This 
powder is fed to the hopper of an extruder, and processed 
to form a melt which is then solidified. The cooled 
solidified melt may then be either granulated or further 
processed into any desired shaped articles. 

In order to melt the composition according to the 
invention, it is suitably heated in a screw and barrel of 
an extruder for a time sufficient to enable uniform melt 
formation. The temperature is preferably within the range 
of 100 °C to 220 °C, and more preferably within the range of 
from 160 to 200°C, the precise temperature being dependent 
up on the type and nature of the composition used. For 
thermoplastic melt formation of the composition according 
to the invention, the composition preferably is heated in 
an extruder, and preferably in a vented extruder for 
achieving the drying of the composition as explained above. 
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Pressures created in such a volume correspond to the vapour 
pressure of the most volatile material present (which may 
be water) at the used temperature. It will be appreciated 
that pressures may be applied or generated as is known in 
5 the use of a screw and barrel. 

The preferred applied and/or generated pressures are in the 
range of pressures which occur in extrusion and are known 
per se , being up to about 150 x 10 5 N/m 2 , more preferably up 
10 to about 75 x 10 5 N/m 2 and most preferably up to about 50 x 
10 5 N/m 2 . 

Within the screw the granular mixture is heated to a 
temperature which is generally within the range of about 
15 120 to 220 °C, more preferably within the range of about 
120 to 190°C and most preferably within the range of about 
130 to 190°C. 



The minimum pressures under which the melts are formed 
20 correspond to the vapour pressures produced at said 
temperatures. These pressures are recommended even a 
subs tantially anhydrous composition is used. Ranges of 
pressures suitable for extrusion processes are from zero to 
about 150 x 10 5 N/m 2 , preferably from zero to about 75 x 10 5 
25 N/m 2 and most preferably from zero to about 50 x 10 5 N/m 2 
whereby for injection molding processes these pressures may 
exceed 150 x 10 5 N/m 2 . 

Optionally the composition comprises at least one member 
30 selected from the group consisting of extenders, fillers, 
lubricants, mold release agents, other plasticisers , 
stabilisers, flame retardants, boron -containing compounds, 
alkali and alkaline earth metal salts, and colour ±ng 
agents . 

35 

Examples of extenders of are gelatin, vegetable proteins 
such as sunflower protein, soybean proteins, cotton seed 
proteins, peanut proteins or rape seed proteins. Such 
extenders may optionally be added in any desired amount 
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preferably up to and including 20%, and preferably are 
within the range of 3 % to 10 % based on the total weight 
of all the components. 

5 Suitable fillers include, for example, oxides of magnesium, 
aluminum, silicon, and titanium as well as wood derived 
materials or for example cellulose fibers. The fillers are 
present in the composition at a concentration of up to 
about 20% by weight, and preferably between about 3.0 and 
10 about 10%, by weight, based on the total weight of the 
composition. 

The lubricants include stearates of aluminum, calcium, 
magnesium, and tin, as well as the free acid and magnesium 

15 silicate, silicones and substances such as lecithin, and 
mono and diglycerides, which for the purpose of the 
present invention function in like manner. The 
particularly preferred lubricants are stearic acid or 
lecithin, which are present in the composition in. amounts 

20 of up to 10 parts per 100 parts of starch, preferably in an 
amount of from 1 to 3 parts per 100 parts of starch, and 
most preferably is present in the composition in an amount 
of 1 part per 100 parts of starch. 

25 Other plasticisers include low molecular weight 
poly (alkylene oxides), such as, for example, poly (ethylene 
glycols) , poly (propylene glycols) poly (ethylene -propylene 
glycols) , such as, for example, glycerol; pentaerythritol; 
propylene glycol; sorbitol; sodium diethylsulf osuccinate; 

30 phosphatides of which lecithin is preferred or urea. These 
plasticisers are preferably present in the composition at 
a concentration of between about 0.5% and about 15% by 
weight, and more preferably between about 0.5% and about 5% 
by weight, based on the weight of all of the components, 

35 including the water therein^ 

Preferably the sum of all the plasticizer in the 
composition does not exceed about 30% by weight, and most 
preferably does not exceed about 25% by weight, based on 
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the total weight of the composition. 

Stabilisers include antioxidants such as thiobisphenols , 
alkylidenbisphenols, secondary aromatic amines; stabilisers 
against photo -decomposition, such as, for example, uv 
absorbers and quenchers; hydroperoxide decomposers; free 
radical scavengers, and antirmicrobial agents . 

Colouring agents include known azo dyes, organic or 
inorganic pigments, or colouring agents of natural origin. 

inorganic pigments are preferred, such as the oxides of 
iron or titanium, these oxides being present in the 
composition at a concentration of between about 0.01 and 
about 10% by weight, and preferably present at a 
concentration of between about 0.05 and about 3% by weight, 
based on the total weight of the composition. Most 
preferably the colouring agents are present in the 
composition in an amount of about 0.03 to about 0.07% by 
weight with respect to the total composition. 

Still further substances which may be addetd to the 
composition include animal or vegetable fats, preferably in 
their hydrogenated forms, especially those which are solid 
at room temperature. Such fats preferably have a melting 
point of at least 50°C and include triglycerides of C12-, 
C14-, C16-and C18- fatty acids. 

The total concentration of said fats, mono-, di- glycerides 
and phosphatides may be up to 5% by weight, based on the 
total weight of the composition. 

The composition may further comprise flame retardants 
which," ~ for example, ~ comprise" "phosphorous," sulphur" "and 
halogens, or mixtures thereof. 



Suitable phosphorous -containing flame retardants include 
diethyl-N, N-bis (2 -hydroxy ethyl) aminomethyl phosphonate; 
dimethyl methylphosphonate; phosphonic acid, methyl-, 
dimethylester, polymer with oxirane and phosphorous oxide; 



V 
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aliphatic phosphate/phosphonate oligomers ; tributyl 
phosphate; triphenyl phosphate; tricresyl phosphate; 2- 
ethylhexyl diphenyl phosphate; and tributoxyethyl 
phosphate. These retardants are available from Akzo 
5 Chemicals Inc. of 300 South Riverside Plaza, Chicago, 
Illinois, USA. 

Further suitable phosphorous -containing retardants include: 
guanidinium phosphate which can be obtained from Chemie 

10 Linz GmbH of St Peter strasse 25, A-4021, Linz, Austria; 
bis (hydroxypropyl) sec. butyl phosphine oxide which can be 
obtained from the Chemical Products Group of FMC 
Corporation, 2000 Market Street, Philadelphia, Pennsylvania 
19103, USA; and the following compounds obtainable from 

15 Albright and Wilson, Americas Inc, of P.O. Box 26229, 
Richmond, Virginia, 23260, USA: polypropoxylated dibutyl 
pyrophosphoric acid; a mixture of phosphonic acid, methyl - 
, ( 5 - ethyl - 2 -methyl -1,3,2- dioxaphosphorinan - 5 - yl ) methyl 
ester, P-oxide and phosphonic acid, methyl-, bis [(5-ethyl- 

20 2 -methyl-1, 3, 2 -dioxaphosphorinan- 5 -yl) methyl] ester, P,P^- 
dioxide as sold under the trade name Amgard V19; ammonium 
polyphosphate; ethyl enedi amine polyphosphate; melamine 
phosphate; dimelamine phosphate; and microencapsulated red 
phosphorous . 

25 

Where ammonium polyphosphate and ethyl endiamine 
polyphosphate are used as flame retardants, it is preferred 
that they are buffered with disodium orthophosphate so that 
they are thereby less corrosive to the equipment used for 
30 processing the composition comprising them. 

Suitable sulphur containing -retardants include: guanidinium 
sulfate obtainable from Chemie Linz GmbH at the address 
given above; ammonium sulfate; ammonium sulfamate; and 
35 tetrakis (hydroxymethyl) phosphonium sulfate; all of which 
may be obtained from the American Cyanamid Company, of One 
Cyanamid Plaza, Wayne., New Jersey, 07470, USA. 

The particularly preferred flame retardants are ammonium 
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polyphosphate and/or ethylenediamine polyphosphate, 
guanidinium phosphate, .ammonium sulphate and/or guanidinium 
sulfate. 

5 The above mentioned flame retardants are present in the 
composition in an amount of from 0.5 to about 15%, 
preferably from about 1.5 to 8%, and most preferably from 
2 to 5%, all percentages being by weight with respect to 
that of the total composition. 

10 

Still further compounds which may be added to, or present 
in the composition include boron -containing compounds, 
particularly so when the composition is formed into films, 
sheets or fibers. The presence of such boron compounds in 

15 the composition yields articles which have improved 
transparency. Young's modulus and tear strength. The 
preferred boron -containing compounds are boric acid, 
metaboric acid, alkali and alkaline earth metal salts, 
borax and derivatives thereof. Said boron containing 

20 compounds may be present in the composition in an amount of 
between 0.002 and 0.4%, by weight with respect to that of 
the composition, and preferably are present at a 
concentration of between about 0.01 and 0.3%, likewise by 
weight . 

25 

Inorganic salts of alkali or alkaline earth metals, 
particularly LiCl and NaCl may be additionally present in 
the composition in an amount of between 0.1 and 5% by 
weight with respect to that of the total composition. The 
30 presence of such salts in the composition still further 
improves the Young's modulus, transparency and tear 
strength of articles made from the composition. 



The compositions according to this invention form 
35 thermoplastic melts on heating under conditions as 
described herein. Such melts can be processed just like 
conventional thermoplastic materials, using, for example, 
injection molding, blow molding, extrusion and coextrusion 
(rod, pipe and film extrusion) , compression molding, to 
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produce known articles. The articles include bottles, 
sheets, films, packaging materials, pipes', rods, laminated 
films, sacks, bags, foams, pharmaceutical capsules, 
granules or powders. 

5 

The composition comprising the starch derivative and the 
compound may also be used in the form of a masterbatch 
wherein the compound is present in a high concentration, 
for example in a concentration of about 40 % to about 80 % 
10 by weight relative to the total weight of the masterbatch. 

The inventions according to this invention may also be used 
as carrier materials for active substances, and may be 
mixed with active ingredients such as pharmaceuticals 
15 and/or agriculturally active compounds such as insecticides 
or pesticides for sustained release applications of these 
ingredients. The resulting extruded materials can be 
granulated or worked to fine powders. 

20 The following examples further explain the invention. 

Example 1 

A composition comprising corn starch acetate with a 
25 degree of substitution (DS) of about 1 and citroflex: 

H 5 C 2 -OOC-CH 2 " (C(COOC 2 H 5 )OH) -CH 2 -COOC 2 H 5 (obtainable from 
Pfizer at the address given above) in an amount of 45% by 
weight with respect to that of the starch, together with 
usual additives is fed into the entry port of a twin screw 
30 extruder. The composition is plasticised with mechanical 
energy being provided by a strong screw configuration (such 
as is known to those skilled in the art) at a suitable 
pressure necessary to avoid the formation of vapour at the 
used temperature . 

35 

The composition is plasticised until a uniform melt is 
achieved, and thereafter the moisture content of the 
composition is reduced to about 5% before exit of the 
composition from the barrel. The melt is formed into 
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tensile test pieces which exhibit improved Young's modulus, 
tensile strength and ultimate elongation. 

Example 2 

5 

Example 1 is repeated except that a high amy lose {about 75% 
by weight) acetate-substituted starch, likewise having a 
degree of substitution of about 1, is substituted for the 
corn starch acetate, 

10 

The thus formed test pieces are examined likewise for the 
pieces of Example 1 and the results are similarly good. 



Example 3 

15 

Example 1 is repeated except that the melted composition 
comprises 50% by weight with respect to that of the starch 
of citroflex, and the starches have varying degrees of 
substitution as shown in Table 1. The compositions are 
20 formed into films which exhibit improved water resistance 
and physical properties, as long as the degree of starch 
substitution is at least about 0.8. 

Table 1 



Starch type 


DS 


Corn starch acetate 


0.2 


Corn starch. acetate 


0.4 


Corn starch acetate 


0.8 


Corn starch acetate 


1.0 


Com starch acetate 


1.45 



Example 4 

35 A composition comprising corn starch acetate and citroflex 
A-2 - H 5 C 2 -OOC-CH2~ (C{COOC 2 H 5 ) OOCCH3) -CH 2 -COOC 2 H 5 - 
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(obtainable from Pfizer at the address given above) in an 
amount of 45% by weight with respect to that of the starch, 
" together with usual additives is fed into the entry port of 
a twin screw extruder. The composition is plasticised, 
5 with mechanical energy being provided by a strong screw 
configuration (such as is known to those skilled in the 
art) at a suitable pressure necessary to avoid the 
formation of vapour at the used temperature. The starch 
has a degree of substitution of about 1. 

10 

The composition is plasticised until a uniform melt is 
achieved, and thereafter the moisture content of the 
composition is reduced to about 5% before exit of the 
composition from the barrel. The melt is formed into 
15 tensile test pieces which are subjected to Young's modulus, 
tensile strength and ultimate elongation determinations. 
The results are presented in Table 2. 

Example 5 

20 

Example 4 is repeated except that a high amy lose (about 75% 
by weight) acetate- substituted starch, likewise having a 
degree of substitution of about 1, is substituted for the 
corn starch acetate. 

25 

The thus formed test pieces are examined likewise for the 
pieces of Example 1 and the results are presented in Table 
2. 

30 Table 2 





Example 4 


Example 5 


Degree of Substitution 


1.0 


1.1 


Young's Modulus (N/mm 2 ) 


130 


210 


Tensile Strength (N/mm 2 ) 


5 


7 


Ultimate Elongation (%) 


11 


38 
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Example 6 

Example 4 is repeated except that the melted composition 
comprises 50% by weight with respect to that of the starch 
5 of citroflex, the starches have varying degrees of 
substitution as shown in Table 3, and the compositions are 
formed into films. The films are submerged in water at 
room temperature for 60 minutes and are then assessed for 
water absorption capacity- The results are presented in 
10 Table 3. 
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Table 3 







DS 


Water uptake (%) 
without citroflex 


Water uptake (%) 
with citroflex 


5 


Corn starch 
acetate 


0.0 


216 


Sample 

disintegrates 




Corn starch 
acetate 


0.4 


222 


Sample 

disintegrates 




corn scarcn 
acetate 


n ft 




8 


10 


Com starch 
acetate 


1.0 


11 


5 




Corn starch 
acetate 


1.5 


8 


2 



15 It is clear from Tables 2 and 3 that the addition of the 
citroflex plasticizer to the starch derivative yields a 
composition which can be formed into articles which have 
improved water resistance and physical properties, as long 
as the degree of starch substitution is at least about 0.8. 

20 

It will be appreciated that it is not intended to limit the 
invention to the above examples only, many variations 
thereto and modifications thereof being possible to one 
skilled in the art without departing from its scope, which 
25 is defined by the appended claims. 
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Wliat We Claim is: 

1. A composition comprising at least one starch 
derivative and at least one compound having a molecular 
5 weight of less than about 3,000 and having at least one 
ester group. 



PCT/US93/02895 



2. A composition according to claim 1, in which the 
compound further comprises at least one hydroxy 1 group. 

10 

3, A composition according to either of claims 1 or 2, in 
which the starch derivative is selected from the group 
consisting of starch esters and starch ethers. 



15 4. A composition according to any preceding claim, in 
which the degree of substitution of said starch derivative 
is up to about 1.45, and preferably is at least about 0.8. 

5. A composition according to any preceding claim, in 
20 which the derivative is a starch ester selected from the 

group consisting of acetates, propionates, butyrates and 
the starch esters of C5 to C12 fatty acids. 

6. A composition according to any preceding claim, in 
25 which the derivative is a starch acetate having a degree of 

substitution of from about 0.8 to about 1.45 or a starch 
propionate having a degree of substitution of from about 
0.8 to about 1.45. 

30 7. A composition according to any preceding claim, in 
which the starch ester been obtained by reaction of starch 
with a mixed acid anhydride or with a mixture of different 
acid anhydrides" ~ ~ " ~ ~ ~ ~ ~ ~~ "~ 



35 8. A composition according to claim 7, in which the 
starch ester comprises at least two members selected from 
the group consisting of acetate, propionate, butyrate, 
pentanoate, hexanoate, heptanoate and octanoate. 
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9 . A composition according to the preceding claim, in 
which the starch ester comprises both acetate and 
propionate groups bound to a common starch molecule, or 
both acetate and butyrate groups bound to a common starch 
5 molecule, or both propionate and butyrate groups bound to 
a common starch molecule, or both pentanoate and butyrate 
groups bound to a common starch molecule . 

10. A composition according to either of claims 8 or 9, in 
10 which the ratio of the members is about 1:1 with respect to 
the members, or about 1:2 with respect to the members, or 
about 1:3 with respect to the members, or about 1:20 with 
respect to the members . 

15 11. A composition according to any one of claims 1 to 3, 
in which the derivative is selected from the group 
consisting of alkyl ethers and hydroxyalkyl ethers, 
hydroxyalkylalkylethers and mixtures thereof. 

20 12. A composition according to the preceding claim, in 
which the ether derivative is selected from the group 
consisting of methyl ether, ethylether, propylether, 
butylether, hydroxymethyl ether, hydroxyethyl ether, 
hydroxypropylether , hydroxyethylmethylether and 

25 hydroxypropylme thy 1 ether and derivatives thereof. 

13. A composition according to any preceding claim, in 
which the derivative has an amylose content of up to about 
95% by weight with respect to that of the starch. 



30 



35 



14. A composition according to any preceding claim, 
wherein the starch derivative has an equilibrium moisture 
content of less than about 7% at 25°C and a relative 
humidity of about 50%. 

15. A composition according to any preceding claim, 
wherein the compound has a molecular weight of less than 

,2,000, and preferably has a molecular weight of between 
about 200 and about 500. 
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16. A composition according to claim 1, wherein the 
compound has the formula: 

A(COOR) m (OOCR 1 ) n (i) 
wherein: A is a saturated or unsaturated aliphatic or 
5 alicyclic residue; n is an integer from zero to 8; m is an 
integer from zero to 6; whereby the sum of m + n is an 
integer from 1 to 6, and R, and R ± are, independently of 
each other, a saturated or unsaturated aliphatic or 
alicyclic residue having from 1 to 20 carbon atoms. 

10 

17. A composition according to claim 16, wherein A is 
saturated aliphatic residue having 2 to 8 carbon atoms; 
is an integer from zero to 4; n is 0, 1, 2 or 3; the sum of 
m + n is 2 to 4; and R, and R ± are independent of each 
15 other and are alkyl residues having from 1 - 6 carbon 
atoms . 



20 



a 
m 



18. A composition according to claim 16 in which A is a 
saturated aliphatic residue having 2, 3, ox A carbon atoms; 
m is an integer from zero to 4; n is 0, 1, or 2; the sum of 
m + n is 2 to 4; and R, and R ± are independent of each 
other are alkyl residues having 1, 2, 3 or 4 carbon atoms. 

19. A composition according to claim 16, in which the 
25 compound is an ester derivative of at least one of the 

following members: 

i) OH-CH 2 - (C(COOH)H) g -CH 2 OH 

ii) H00C-CH 2 - (C(COOH)H) r -CH 2 -COOH 

iii) HOOC-CH 2 - (C(COOH)OOCR 2 ) ) -CH 2 -COOH 
30 iv) HOOC-CH 2 -CH( (COOH) (COOH)H) 

v) C(CH 2 COOH} 4 

vi) (HOCH 2 ) 3 C-0-C(CH 2 OH)3 

vii) HO-CH 2 - (CHOH) g -CH 2 OH ~ 

wherein: q and r are independently of each other 1, 2, 3 or 
35 4 and R 2 is methyl or propyl. 

20. A composition according to the preceding claim, in 
which the compound is a methyl, ethyl, propyl, or butyl 
carboxylate ester of a member selected from the group 
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consisting of: 

i i ) HOOC - CH 2 - ( C ( COOH ) H ) r - CH 2 - COOH 

iii) HOOC-CH 2 - (C(COOH) (OOCR3) ) -CH 2 -COOH 

iv) HOOC-CH 2 -CH( (COOH) (COOH)H) 
5 where R 2 is methyl or propyl, 

21. A composition according to the preceding claim, in 
which the compound is a tri-ethyl or tri -butyl carboxylate 
ester of: 

10 HOOC-CH 2 - (C(COOH)OOCR 2 ) -CH 2 -COOH 

where R 2 is methyl or propyl. 

22. A composition according to the preceding claim , in 
which the compound is selected from the group consisting of 

15 

H 5 C 2 - 00C - CH 2 - ( C ( COOC 2 H 5 ) OOCCH3 ) - CH 2 - C00C 2 H 5 . 

and 

H 9 C 4 -OOC-CH 2 - {C(COOC 4 H 9 )OOCCH 3 ) -CH 2 -COOC 4 H 9 . 

20 23, A composition according to claim 16, in which the 
compound is a mono, di or tri ester of: 
HO - CH 2 - CHOH - CH 2 OH, 

24. A composition according to claim 23, in which the 
25 compound is the tri -acetate of glycerol, viz: 

CH 3 C00CH 2 - (CH(OOCCH 3 ) ) -CH 2 OOCCH 3 

25. A composition according to claim 16, in which the 
compound is a diacetate-monopropionate or dipropionate- 

30 monoacetate of glycerol or the diacetate or dipropionate of 
OH-CH 2 -C(COOH)H-CH 2 OH, or the trimethyl ester or tripropyl 
ester of: 

HOOC - CH 2 " t COOH) COOH . 

35 26. A composition according to claim 2, in which the 
compound has the formula: 

A (OH) x (COOR) y (OOCRj) z (II) 
wherein: A is a saturated or unsaturated aliphatic or 
allicyclic residue; x is 1 or 2; y is an integer from zero 
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to 4 ; z is an integer from zero to 4, whereby the sum of y 
+ z is 2 to 4 and R and are, independently of each 
other , a saturated or unsaturated aliphatic or alicyclic 
residue having from 1 to 6 carbon atoms. 

5 

27. A composition according to claim 26, in which A is a 
saturated aliphatic residue having 2, 3, or 4 carbon atoms; 
x is one or two; y is an integer from zero to 4; z is an 
integer from zero to 4; the sum of y + z is 2 to 4; and R 
10 and R*l are independent of each other are alkyl residues 
having 1, 2, 3 or 4 carbon atoms. 



28. A composition according to claim 26, in which the 
compound is an ester derivative of at least one of the 
15 following members: 

i) OH-CH 2 - (CHOH) q -CH 2 OH 

ii) HOOC-CH 2 - (CHOH) r "CH 2 -COOH 

iii) HOOC-CH 2 - (C (COOH) OH) -CH 2 -C00H 

iv) HOOC-CH 2 -CH(COOH) OH 
20 v) C(CH 2 OH) 4 

vi) (H0CH 2 ) 3 O0-C (CH 2 0H) 3 
wherein: g and r are independently of each other 1, 2, 3 or 
4. 

25 29. A composition according to the preceding claim, 
wherein the compound is a methyl, ethyl, propyl or butyl 
carboxylate ester of a member selected from the group 
consisting of: 

ii) HOOC-CH 2 - (CHOH) r -CH 2 - COOH 
30 iii) HOOC-CH 2 - (C (COOH) OH) -CH 2 -COOH 

i v) HOOC - CH 2 - CH ( COOH ) OH 

30. A composition" according" tcT the preceding " claim; 
wherein the compound is a tri- ethyl or tri -butyl 
35 carboxylate ester of: 

HOOC-CH 2 - (C(COOH)OH) -CH 2 -COOH. 



31. A composition according to claim 31, wherein the 
compound has the formula: 
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H 5 C 2 -OOC-CH 2 - (C(COOC 2 H 5 )OH) -CH 2 -COOC 2 H 5 

32. A composition according to claim 31, wherein the 
compound has the formula: 

5 H 9 C 4 -OOC-CH 2 - (C(COOC 4 H 9 )OH) - CH 2 -COOC 4 H g . 

33. A composition according to claim 26, in which the 
compound is the diacetate or dipropionate of: 

OH-CH 2 - CHOH - CH 2 OH , 
10 or the monoacetate- dimethyl ester or mono- acetate -dipropyl 
ester or mono -propionate -dipropyl ester of: 
HOOC - CH 2 - CH ( COOH ) OH . 

34. A composition according to any preceding claim, 
15 wherein the concentration of the compound in the 

composition is from about 3% to about 60% by weight based 
on the weight of the composition and preferably wherein the 
concentration of the compound in the composition is from 
about 8% to about 18% by weight based on the weight of the 
20 composition. 



35. A composition according to any preceding claim, which 
further comprises, in an amount of up to 40% by weight of 
the total composition, one or more compounds selected from 
25 the group of water-soluble and/or water- swellable polymers, 
which water-soluble and/or water- swellable polymer 
preferably are selected from group consisting of alkenol 
homopolymers and alkenol copolymers . 

30 36. A composition according to the preceding claim, 
wherein said water-soluble and/or water- swellable polymer 
is selected from group consisting of alkenol copolymers 
which contain vinyl alcohol units as well as aliphatic 
units such as are obtained by copolymer izat ion of vinyl 

35 acetate with a member selected from ethylene, propylene, 
isobutylene and/or styrene with subsequent hydrolysis of 
the vinyl ester group, whereby the hydroxy 1 group content 
is such that the copolymerized polymer is at least water - 
swellable. 
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37. A composition according -to any preceding claim, 
further comprising, in an amount up to 60 % by weight of 
the total composition, one or more hydrophobic thermo- 
plastic polymer (s) which is/are substantially water - 
5 insoluble. 

38* A composition according to claim 37, wherein said 
polymer contains a member selected from the group 
consisting of: hydroxyl-, ether-, acid-, ester- and 
10 urethane groups, and mixtures thereof. 

39. A composition according to claim 37, wherein said 
polymer is selected from the group consisting of 
ethylene/vinyl acetate - copolymers , ethylene/vinyl 
15 alcohol - copolymers , e thylene/acry lie acid - copolymers , 
ethylene/ ethyl acrylate - copolymers , ethylene/methacrylate- 
copolymers , polyurethane - copolymers , s tyrene/ - 
acryloriitrile- copolymers; polyacetals and mixtures thereof. 

20 40. A composition according to claim 39, wherein said 
polymer is selected from the group consisting of 
ethylene/vinyl alcohol -copolymers with an ethylene content 
of about 10 mol% to about 50 mol%, preferably an ethylene 
content of about 15 mol% to about 48 mol%, and most 

25 preferably an ethylene content of about 40 mol% to about 48 
mol%. 

41. A composition according to any preceding claim, 
further comprising at least one member selected from the 

30 group consisting of extenders, fillers, lubricants, mold 
release agents, other plasticisers , stabilisers, colouring 
agents, flame retardants, boron- containing compounds and 
alkali and alkaline earth metal salts, and cellulose 
fibres . 

35 

42. A composition according to the preceding claim, 
wherein the filler is selected from the group consisting of 
wood derived materials, and oxides of magnesium, aluminum, 
silicon, and titanium. 
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43. A composition according to the claim 41, in which the 
other plasticisers are selected from the group consisting 
of low molecular weight poly (alkylene oxides); 
poly (ethylene -propylene glycols) ; pentaerythritol; 

5 propylene glycol; sorbitol; sodium diethylsulf osuccinate; 
and phosphatides . 

44. A composition according to claim 41, in which the 
flame retardants are selected from the group consisting of 

10 diethyl -N,N-bis (2 -hydroxy ethyl) aminomethyl phosphonate; 
dimethyl methylphosphonate; phosphonic acid, methyl-, 
dimethylester, polymer with oxirane and phosphorous oxide; 
aliphatic phosphate/phosphonate oligomers ; tributyl 
phosphate; triphenyl phosphate; tricresyl phosphate; 2- 

15 ethylhexyl diphenyl phosphate; tributoxyethyl phosphate; 
guanidinium phosphate; bis (hydroxypropyl) sec. butyl 
phosphine oxide; polyp ropoxy la ted dibutyl pyrophosphoric 
acid; a mixture of phosphonic acid, methyl- , (5 -ethyl -2 - 
methyl-1,3, 2 -dioxaphosphorinan- 5 -yl) methyl methyl ester, P- 

20 oxide and phosphonic acid, methyl-, bis [ (5 - ethyl -2 -methyl- 
1,3 ,2 -di oxaphosphorinan- 5 -yl) methyl] ester, P, P* -dioxide; 
ammonium polyphosphate; ethylendiamine polyphosphate; 
melamine phosphate; dimelamine phosphate; and 
microencapsulated red phosphorous, guanidinium sulfate; 

25 ammonium sulfate; ammonium sulfamate; and tetrakis 
(hydroxymethyl) phosphonium sulfate, ammonium 
polyphosphate and/or e thy lenedi amine polyphosphate, 
guanidinium phosphate, ammonium sulphate and/or guanidinium 
sulfate. 

30 

45. A composition according to any preceding claim, when 
in the form of a melt. 

46. A composition according to claim 45, when in the form 
35 of a solid shaped articles, including a granulate or 

pellet. 

47. The composition of claim 45, when shaped into articles 
by a process selected from the group consisting of: 
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injection molding, compression molding, filming, blow 
molding, vacuum forming, thermof orming, extrusion, co- 
extrusion, foaming, and combinations thereof. 

5 48. A finished article made from the melt according to 
claim 45, the article being selected from the group 
consisting of bottles, sheets, films, packaging materials, 
pipes, cups, rods, laminated films, sacks, bags, 
pharmaceutical capsules, foams, granules and powders* 

10 

49. The use of a compound having a molecular weight of 
less than about 3,000 and having at least one ester group 
and optionally further comprising at least one hydroxyl 
group as a processing aid in the manufacture of a 
15 composition comprising at least one derivative of a starch, 
and optionally one or more compounds selected from the 
group consisting of hydrophilic and/or hydrophobic 
polymers . 



20 50. A method of preparation of a composition according to 
any one of claims 1 - 45, comprising: (i) drying or 
conditioning a composition comprising a derivative of a 
starch to a moisture content of less than about 5%, (ii) 
admixing to said composition before, during or after 

25 drying, at least one compound having a molecular weight of 
less than about 3,000 and having at least one ester group 
and optionally further comprising at least one hydroxyl 
group and (iii) melting and plasticising the mixture until 
a uniform melt is obtained. 

30 

51. A method of preparation of a composition according to 

any one of claims 1 - 45, comprising: (i) melting and 

plasticising a composition comprising a derivative of 
starch, and at least one compound having a molecular weight 
35 of less than about 3,000 and having at least one ester 
group and optionally further comprising at least one 
hydroxyl group, until a uniform melt is obtained and (ii) 
drying the mixture during or after melt formation and/or 
plastif ication to a moisture content of less than 5%, by 
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weight of the total composition. 
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